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Mechanical properties of spray-
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Abstract-The room-temperature mechanical properties of intermetallic Fe-40at.% Al based alloys fabricated by spray

atomization and deposition are studied. The Fe-40at.%Al, Fe-40Al+0.1at.%B, and Fe-40Al+0.1at.%B+10at.%ALOs, alloys

were deformed by compression under strain rates from 10 to 102 s1. All three alloys diminished their yield stress in the

interval of strain rates of 104-10° s but in the interval of 103-102 s , the Fe-40at.%Al and Fe-40Al+0.1at.%B alloys

increased their yield stress. Contrary to the two last alloys the Fe-40Al+0.1at.%B+10at.%ALOs alloy shows a decrease on

the yield stress in the interval of the 10-3-102 s1. The yield stress is discussed in terms of the effect of the boron and

alumina particles.

Index Terms: Intermetallic, Mechanical properties, Rapid solidification, Yield phenomena.

1.INTRODUCTION

The iron aluminides have been shown superior
properties compared to the comercial alloys used
in high temperature and corrosive enviroments
[1-3]. However, the lack of ductility at room
temperature has been limiting its processing and
applications [4-5]. During the last decade novel
processing routes, microalloying, microstructure
control, particulate dispersing and fiber
reinforcement have been explored to improve
ductility on the iron aluminides [6-7]. Extensive
studies on mechanical properties of iron
aluminides have been carried out in the past [8-
10], including interesting microstructure and

mechanical aspects [11-20]. In the present study
the spray atomization and  deposited
metallurgical route were explored in order to
obtain FeAl intermetallic alloys doped with
boron and reinforced with aluminia particulate.
The as-atomized mechanical properties at room
temperature were evaluated and the effect of the
boron and alumina particulate on the stress and
strain behavior was discussed. Also, the fracture
properties were analyzed. Mechanical properties
at 800°C and 900°C also are reported.

2.MATERIALS AND METHODS
Three different ingots of FeAl intermetallic alloys
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were fabricated by spray-atomization and
deposition technique. The fabrication details are
discussed elsewhere [21]. The final composition
of the alloys were Fe-40at.%Al, Fe-40Al+0.1at.%B,
and Fe-40Al+0.1at.%B+10at.%Al20s. Several as-
atomized specimens with dimensions of 10x5x5
mm were obtained from the ingots using a spark
cutting machine. The specimes were cut
following the spray-atomization direction. A face
of each parallelepiped specimens were
mechanical grinding with wet SiC-paper (grit
600). Finally the specimens were polished using
colloidal alumina of 3 and 1 pum. Then the
polished faces were etched with a solution of 33%
nitric acid, 33% acetic acid, 33% H20 and 1%
flourhidric acid (volume %). The intercept
method (ASTM-E112) was employed to measure
the grain sizes. Before the compression tests all
parallelepiped specimens were mechanical
grinding with wet SiC-paper (grit 600) and
subsequently polished using colloidal alumina of
3 and 1 pm. Compressive mechanical tests were
carried out at room temperature using an
universal testing machine (Instron 4206), at strain
rates (SR) of 104, 103, and 102 s. A Teflon film
was used to minimize the friction between
specimens and the compression pads. The FeAl
specimens were strained to failure. The yield
stresses were measured at 0.2% plastic strain
(0.2% offset yield strength). After compression
tests all fracture surfaces of the specimes were
examined by a JEOL 400 Scanning electron
microscopic. Compressive mechanical tests at
800°C and 900°C with a strain rate of 10 s were
performed. SiN bearing blocks lubricated with
graphite were used between specimens and
compression pads to minimize the friction.

3.RESULTS
The Fe-40at.%Al and Fe-40Al+0.1at.%B alloys
(Figure 1a and 1b, respectively)

(a)

(b)

(c)

Figure 1. As-atomized microstructures of the (a)
Fe-40at.%Al, (b)Fe-40Al1+0.1at.%B, and (c) Fe-
40A1+0.1at.%B+10at.%Al20s3 intermetallic alloys.

showed non-uniform initial grain sizedistribution
in its as-atomized condition compared to the Fe-
40A1+0.1at.%B+10at.%Al203 alloy (Figure Ic).
The presence of AlOs particulate induced a
grain size refinement and improves the
microstructure of the Fe-
40Al+0.1at.%B+10at.%Al20s alloy.

The average grain size of the specimens were 80,
147, and 65 um for the Fe-40at.%Al, Fe-
40Al1+0.1at.%B,andFe-
40A1+0.1at.%B+10at.%Al203 alloys, respectively.
The true stress-strain curves of the FeAl base
alloys are shown in the figures 2, 3 and 4,
respectively. These curves show that the all three
alloys yield continuously and smoothly. In the
past, several researches have reported that the
fine-grained FeAl alloys yields discontinuously
while
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Figure 2. Compressive stress-strain curves of the
Fe-40at.%Al alloy.
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Figure 3. Compressive stress-strain curves of
theFe-40A1+0.1at.%B alloy.
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Figure 4. Compressive stress-strain curves of the
Fe-40Al+0.1at.%B+10at.%Al20s alloy.

large-grained yields smoothly [11,13,18,22]. In the
Fe-40at.%Al and Fe-40Al+0.1at.%B alloys the
ultimate strength (US) raises constantly as the
strain rate diminishes. However in the Fe-
40Al+0.1at.%B+10at.%Al.0s  alloy, the US
increases abruptly in the SR range from 102 to 10-
3 s1. The US remaining cuasiconstantly in the SR
of 10 s'land 10 s1. The figure 5 shows the effect
of the SR on the 0.2% offset yield strength (YS). In
the SR range of 102 to 10-* s, the Fe-40at.%Al and
Fe-40Al+0.1at.%B alloys diminished the YS and
then, the YS increases up to SR of 10+ s™. Also,
the figure 5 shows that the boron diminished the
YS compared as the YS of the FeAl40at% base
alloy, about 150 MPa.
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Figure 5. Effect of the strain rate on the 0.2%
yield strength at room-temperature.

The effect of the SR on the YS is shown in the
figure 5. Basically, the Fe-40at%Al and Fe-
40Al+0.1at%B  alloys showed a  similar
performance. The YS diminished as the strain
rate dimished from 102 to 103 s, then, the YS
increased as the strain rate increased from 103 to
10% sl On the other hand, in the Fe-
40Al+0.1at%B+10at%Al20s alloy the YS increased
constantly, as the strain rate increased from 102
to 104 s

Figure 6 shows the effect of the strain rate on the
final strain before the rupture in the all three
FeAl alloys. The Fe-40at.%Al alloy increased the
strain smottly as the strain rate diminished. On
the other hand, the FeAl40+0.1at%B and
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Figure 6. Graph of strain as a function of the
strain rate.

Fe-40Al+0.1at%B+10at%Al203 alloys diminished
the strain as the strain rate diminished.
Compared as the Fe-40Al+0.1at%B alloy the
percentage of strain in the Fe-
40Al1+0.1at%B+10at%Al203 alloy dimished
abruptly. The Al20Os particulate detachment
could generate the last effect because these
particles promote crack niches before the plastic
deformation can  occurred during the
deformation.

This effect is promoted by the disbondement of
the alumina particles, which are the sites for the
crack initiation inducing material failures before
the plastic deformation. The B presence affects
the deformation nature of the Fe-40Al+0.1at%B
and Fe-40Al+0.1at%B+10at%Al20s alloys. The
deformation percentaje gets lower with the
disminition of the strain rate in the Fe-
40Al+0.1at%B and Fe-40Al+0.1at%B+10at%Al203
in comparison with Fe-40at.%Al.
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Figure 7. Fractographies of the Fe-40at.%Al alloy
after the compression tests at strain rates of (a) 10-
251, (b) 10° s, and (c) 10#s.

In the figure 7, the fracture surfaces obtained in
the Fe-40at.%Al alloy are presented. We can see
in the figure 7b which corresponds to test
condition of 10 s the fracture surface shows
more microcleavage cracks density compared
with the other two strain rates. The formation of
microcleveage cracks caused by this strain rate
can be contributed to drop the yield stress. On
the other hand, the drop of yield stress in the Fe-
40A1+0.1at.%B alloy can be attributed at different
factors. In this case, the pores seem to play an
important role because they incubate and
transmit cracks paths (figure 7b) that contributed
to lower the microstructural integrity.

Figure 5 also shows a difference of yield stress
between Fe-40at.%Al and Fe-40Al+0.1at.%B
alloys. Others researchers have found that the
boron segregates at the grain boundaries
improving the cohesion, and suppressing the
intergranular fracture [5,23]. In the present study
the pores formed in the microstructure of the Fe-
40A1+0.1at%B alloy (see figure 7) can affect the
boron distribution in the microstructure.
Although, no evidence was found of boron
distribution. We believe that part of boron can be
segregated in the free surface of the pores,
obscuring the benefical effect on the grain
boundaries.

Y .22 c
Figure 8. Fractographies of the Fe-40Al+0.1at.%B
alloy after the compression tests at strain rates of

(a) 102s, (b) 103 s, and (c) 104 s™.

In the Fe-40Al+0.1at.%B+10at.%Al20s alloy the
yield stress gets lower values consistently with
the increase of the strain rate. This behavior was
attributed to the generation of cracks in the grain
boundaries which is promoted by the alumine
particles. The figure 8 shows evidence of cracks
and alumina particulate on the grain boundaries.
On the other hand, it seems that the strain rate
play an important role in the strenght of this
alloy as is illustrated in figure 5.
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Figure 9. Fractographies of the Fe-
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40Al1+0.1at.%B+10at.%Al203  alloy after the
compression tests at strain rates of (a) 102 s, (b)
102 s, and (c) 104 s

These figures illustrate evidence of cracks along
the grain boundaries, figures 9a and 9b, however
at the lowest strain rate (10 s1), less crack
density is found.

Finally, figure 10 shows the effects of the
temperature on the 0.2% yield strength. At 800°C
, the 0.2% yield
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Figure 10. Effect of the temperature on the 0.2%
yield strength.

strength is 100 MPa larger than in the Fe-
40Al+0.1at%B+10at%Al20s alloy in comparison
with the Fe-40Al+0.1at%B and Fe-40at.%Al
alloys. However, at 900°C, these effects are not
observed and the FeAl40at% alloy has better
mechanical behavior than the Fe-40Al+0.1at%B
and the Fe-40Al+0.1at%B+10at%Al20s alloys.

4. CONCLUSIONS
The room-temperature mechanical behavior of
intermetallic Fe-40at.%Al based alloys fabricated

by spray atomization and deposition were
studied. All alloys yield continuously in the
strain rate interval of 104 to 102 s. The Fe-
40at.%Al and Fe-40Al+0.1at.%B alloys showed a
diminishing in the yield stress at strain rates of
103 s1. This behavior was attributed to high
density of microcleavage in the Fe-40at.%Al, and
in the Fe-40Al+0.1at.%B it was related to cracks
induced by pores that lowers the microstructural
integrity. On the other hand, in the Fe-
40Al+0.1at.%B+10at.%Al20s alloy the yield stress
diminished consistently with increase of the
strain rate. We found evidence that alumina
particles play an important role in the drop of
yield stress because they promote cracks that
degrade the mechanical properties.
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